In this letter, we study both the small and large dimension D limit of the tunneling model of Hwaking radiation proposed by Parikh and Wilczek [1] . We confirm that the result Γ ∼ e ∆S is still valid for arbitrary D > 3 and universal prefactor 8π in the area spectrum. The sensible large D limit is given by √ D ≪ r 0 in order to have nonzero radiation. On the other hand, the sensible small D limit is given by taking D = 3 + ǫ as a continuous parameter. We also explicitly show the leading order correction to the thermal radiation. *
I. INTRODUCTION
It was argued and shown in [2] 
where r = r 0 is the horizon such that r
M. The volume of unit sphere
.The Hawking temperature is given by
The apparent singularity at the horizon can be removed by a coordinate transformation of the Painlevè-type:
which brings into the metric suitable for our purpose:
We remark that the tunneling process across the horizon happens in this stationary vacuum, instead of static one given by metric (1).
II. TUNNELING MODEL IN D DIMENSIONS
In this section, we apply the Parikh-Wolczek tunneling model [1] to D dimensional black hole and obtain the general expression for tunneling rate in D dimensions. We regard radiation as a shell of energy ω moving in the geodesics of a spacetime with M replaced by M − ω due to back reaction, where the radial null geodesics are given bẏ
r ω denotes the horizon after radiation, such that r
. The WKB approximation states that the emission rate Γ ∼ e −2ImS , where the imaginary part of action reads
for Haniltonian H = M − ω ′ . The half line contour integral in the complexified r-plane
After substituting this result into integral (6), one obtains 
III. AREA SPECTRUM IN D DIMENSIONS
If we consider the energy of black hole is quantized like any confined quantum system, then area or entropy quantization is also expected [5] . The quantization condition can be easily realized in (8) under the assumption that black hole energy is reduced by ∆M after each emission of quanta h, that is
where we always use the natural units. Under the large black hole limit ∆M ≪ M, one obtains the quantization of black hole mass ∆M = hT H . On the other hand, one can
show the differential relation between r 0 and M gives rise to ∆r =
2M
. Therefore the horizon area is quantized as
Our result confirms the area quanta takes a universal prefactor 8π as first shown in the [6] and many other kinds of black holes.
IV. LARGE D CORRECTION TO THE EMISSION RATE
In this section, we take large D limit of emission rate to see its correction to thermal spectrum. For ω ≪ M, we can expand
The first term is nothing but Hawking's thermal radiation. We see that naively sending D → ∞ corresponds to a black hole at infinite temperature. If at the same time keeping r 0 /D finite, it corresponds to that at finite temperature. Both limits give rise to a trivial emission rate thanks to vanishing first term in (11) for sufficiently small ω. On the other hand, the sensible limit which keeps the first term finite while ω ≪ M is given by that
It was pointed out in [2] that the length scales like r 0 / √ D in D dimensions, so this nontrivial limit asks for a black hole of sizable area to ensure a significant radiation.
The emission rate after receiving nonthermal corretion from the second term in (11) reads
where the usual Hawking thermal radiation Γ 0 ≡ e −ω/T H .
V. SMALL D CORRECTION TO THE EMISSION RATE
It is also interesting to investigate (11) for small dimensions, say D → 3 + [4] . To do that, we let D = 3 + ǫ and then send ǫ → 0. This limit gives rise to zero temperature and no radiation. For nonvanishing radiation, one also needs r [7] . It is straightforward to check that the first law of thermodynamics M = T S holds.
